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Objective: Quadriceps weakness has been reported with incident but not progressive knee osteoarthritis
(OA) in longitudinal studies. This study examined the relationship between quadriceps strength and
worsening of knee joint space narrowing (JSN) over 30 months.
Methods: Longitudinal, observational study of adults aged 50e79 yearswithOARSI JSN score<3 at baseline.
Baseline measures included bilateral weight-bearing ﬁxed ﬂexion radiographs, isokinetic concentric
quadriceps and hamstring strength, height and weight, and physical activity. Hamstring:quadriceps (H:Q)
strength ratios also were evaluated. Worsening was deﬁned as an increase in JSN score in the tibiofemoral
and/or patellofemoral compartments on 30-month radiographs or total knee replacement. Knee-based
analyses used generalized estimating equations, stratiﬁed by sex, to assess relationships between
strength and knee JSN while controlling for covariance between knees within subjects as well as age, body
mass index (BMI), history of knee injury and/or surgery, physical activity level and alignment.
Results: 3856 knees (2254 females and 1602 males) with JSN score <3 at baseline and no missing follow-
up data were included. Mean SD age was 62.2 7.7 in women and 61.6 8.1 in men. Women in the
lowest tertile of quadriceps strength had an increased risk of whole knee JSN (OR¼ 1.66, 95% CI¼ 1.26,
2.19) and tibiofemoral JSN (OR¼ 1.69, 95% CI¼ 1.26, 2.28). However, no associations were found between
strength and JSN in men or H:Q< 0.6 and JSN in men or women.
Conclusions: In women but not in men, quadriceps weakness was associated with increased risk for
tibiofemoral and whole knee JSN.
 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Quadriceps muscle weakness is a common ﬁnding in patients
with knee osteoarthritis (OA) and has been reported by some1,2, but
not all3 to be associated with incident knee OA. However, quadri-
ceps weakness has not been found to be associated with progres-
sion of knee OA. Risk factors for incident and progressive knee OA
can differ, indicating that potentially different mechanisms may be
involved4e6. Although factors such as body weight in the context of
malalignment have been found to increase risk for knee OA
progression7, both body weight and knee alignment have proven to
be difﬁcult to modify. In contrast, if weakness were a risk factor forto: Neil A. Segal, Associate
ion, Radiology and Epidemi-
awkins Drive, 0728 JPP, Iowa
4; Fax: 1-319-353-7017.
egal).
s Research Society International. Pknee OA progression, it would be a modiﬁable risk factor that could
be more easily ameliorated. Therefore, there is a need to evaluate
whether quadriceps strength alters risk for progression of knee OA.
Quadriceps weakness has been strongly associated with preva-
lent knee OA8e12, and evidence suggests that thigh muscle strength
may protect against knee joint damage and progression of existing
OA. Recent data showed greater lower limb muscle mass was
positively associated with medial tibial cartilage volume13, and
lower limb muscle strength at baseline was positively associated
with total cartilage volume changes14. Moreover, there is consid-
erable evidence that lower limb strengthening exercise may
improve symptoms15. Quadriceps weakness potentially could
contribute to increased impulse loading of the knee joint16,17. The
quadriceps muscle also is the primary dynamic stabilizer of the
knee in the sagittal plane. Therefore it is possible that weakness of
the quadriceps, either absolute or relative to the hamstrings, may
adversely redistribute compressive and shear stress at the knee
joint.ublished by Elsevier Ltd. All rights reserved.
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between quadriceps weakness and progression of knee OA. Brandt
and colleagues found no association between quadriceps weakness
and knee OA progression in women, despite an earlier report of an
association between quadriceps weakness and incident radio-
graphic knee OA in the same cohort18. Similarly, another longitu-
dinal study of men and women demonstrated no relationship in
neutrally aligned knees, although greater quadriceps strength at
baseline was reported to increase the likelihood of tibiofemoral OA
progression in malaligned and lax knees and have no effect on
patellofemoral OA progression19.
A randomized, controlled trial of strength training in individuals
over 55 years old found that strength training did not protect
against tibiofemoral joint space narrowing (JSN) over 30 months in
subjects with deﬁnite knee OA at baseline20. However, a more
recent report found greater quadriceps strength was protective
against lateral patellofemoral cartilage loss and did not increase risk
for tibiofemoral cartilage loss21. Discordance in these results may be
due to differing outcomemeasures between the studiese JSN in the
former and cartilage loss (WORMS score) in the latter e or possibly
to the smaller sample size in the former. In addition, JSN is
a continuum from a normal knee to onewith severe OA, so it may be
important to examine the entire continuum, rather than just knees
that already have radiographic features of knee OA at baseline
assessment. The high prevalence of knee OA in the context of the
current low level of understanding of treatment suggests
a compelling need for means of reducing risk for progression of
knee OA. Therefore, we conducted a multicenter longitudinal study,
with sample sizes sufﬁcient to assess the potential modifying effects
of sex and lower limb alignment, to evaluate whether quadriceps
weakness predicts risk for worsening of knee JSN.
Methods
Study population
The Multicenter Osteoarthritis (MOST) Study is an NIH-funded
longitudinal observational study of 3026 community-dwelling
men and women age 50e79 with knee OA or known risk factors
for knee OA. Subject enrollment has been previously described3.
Potential subjects were identiﬁed by mass mailings or advertise-
ments, screened by telephone for known knee OA risk factors
including knee injury or surgery or obesity. Potential participants
were excluded for a history of (or planned) bilateral knee replace-
ment, cancer with the exception of non-melanoma skin cancer or
breast, cervical, colon, prostate, rectal, or uterine cancer success-
fully treated with surgery, history of chemotherapy or radiation
therapy, rheumatologic disease, or plan to move out of the area in
the within 3 years of enrollment. All subjects provided written
informed consent using forms approved by the investigators'
institutional review boards. Participating institutions' review
boards approved this study. Only knees with an OARSI JSN score<3
were eligible for inclusion22. Knees with pain that “prevented
pushing or pulling as hard as” a participant could during the
strength test were excluded. Presence of a knee joint injury was
assessed by asking participants whether they had ever injured
a knee badly enough to limit the ability to walk for at least 2 days.
Baseline assessments
Anthropometric measures
Body mass index (BMI, kg/m2) was calculated from baseline
weight in kilograms divided by the square of the height in meters
(stadiometer, Holtain, Wales, UK), as measured by trained and
certiﬁed staff23.Physical activity
The Physical Activity Scale for the Elderly questionnaire (PASE:
New England Research Institute, Watertown, MA) was used for
estimating baseline activity level24e26. The PASE is a validated
questionnaire that evaluates frequency and time spent doing
speciﬁc leisure time, household and work activities in the past
7 days.
Isokinetic quadriceps and hamstring strength measurement
Isokinetic quadriceps and hamstrings strength for each lower
limb was measured using a Cybex 350 computerized dynamom-
eter (HUMAC software version 4.3.2/Cybex 300 for Windows98,
Avocent, Huntsville, AL)27. Testing was completed at 60/s with
a chair back angle of 85 degrees by certiﬁed examiners using
a standardized protocol to assure uniformity among the two test
sites. Subjects completed three repetitions at 50% effort to become
familiar with the test. After practice trials, four repetitions were
completed at maximum effort and the peak torque (Nm) was
recorded. To avoid potential pain or injury associated with
a maximal eccentric contraction, peak torque was recorded
concentrically. The equipment was calibrated monthly according
to manufacturer's guidelines. Staff underwent annual recertiﬁca-
tion to assure uniformity in following the strength testing protocol
and standardized script for subject testing. Examiners calibrated
the isokinetic dynamometer position, angular velocity, and torque
(at 25 and 245 Nm) monthly. The strength testing protocol had
a month-to-month testeretest reliability (intraclass correlation
coefﬁcient) of 0.94 (0.82e0.99), a coefﬁcient of variation of 8%
(6e12%) and a within subject variation of 6.3 Nm (4.7e9.6).
Following the strength test, participants were asked whether they
experienced pain during the test. If the response was afﬁrmative,
the participant was then asked “Did this pain prevent you from
pushing or pulling as hard as you can?” Participants who
responded afﬁrmatively to this second speciﬁc question were
excluded due to inability to obtain a reliable strength
measurement.
Hamstring:quadriceps muscle strength (H:Q) ratio
The H:Q ratio was calculated by dividing peak concentric
hamstring torque by peak concentric quadriceps torque. The H:Q
ratio cutoff for lower limb muscle imbalance was set at <0.6 as
this is an accepted threshold for normal in young adults28e30. As
we are not aware of normative data for H:Q ratio in older adults,
we also conducted secondary analyses dichotomizing H:Q ratio
at <0.8.
Baseline and follow-up assessments
Knee radiograph assessments
Testing procedures: At baseline, a full lower limb radiograph
incorporating both the hip joint and the tibio-talar joint for
assessment of knee alignment was obtained. At both baseline and
30-month follow-up examinations, a bilateral, standing ﬁxed
ﬂexion posteroanterior view of the tibiofemoral compartments of
the knee joint and a unilateral weight-bearing, ﬁxed ﬂexion lateral
view of the knees were obtained for assessment of the patellafe-
moral and TF joint spaces31. Subjects with unilateral knee
replacement did not undergo the lateral X-ray of that side.
Two independent readers, a musculoskeletal radiologist and
a rheumatologist experienced in reading study ﬁlms, assessed PA
ﬁlms for individual radiographic feature scores31. Joint space nar-
rowing was scored using amodiﬁed version of the OARSI criteria on
a scale of 0e322,31. The inter-rater reliability of the JSN score (kappa)
was 0.66 (95%CI: 0.61e0.70). Cases of discordant ﬁndings were
adjudicated by a panel of three readers.
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At baseline, all eligible knees had a JSN score of less than 3. Knee
OA worsening was deﬁned for 1) the tibiofemoral joint, as an
increase in JSNscoreof at least 0.5 grades, 2) thepatellofemoral joint,
as an increase in patellofemoral JSN score of at least 0.5 grades, and
3) for thewholeknee, as an increase ineither the tibiofemoral and/or
patellofemoral JSN score of at least 0.5 grades at 30-month follow-
up31. Total knee replacement between baseline and follow-up was
also considered worsening. Reports of total knee replacement at
follow-up were conﬁrmed by obtaining medical records.
Statistical methods
All analyses were stratiﬁed by sex, due to differences in both
strength and OA worsening in men and women. Subject charac-
teristics were summarized with frequencies and means. Since data
for the H:Q ratio in older adults with knee OA have not been
available to date, medians and interquartile ranges were calculated
for each knee OA grade and for those with and without JSN on
follow-up. Subjects were grouped into sex-speciﬁc tertiles of
baseline quadriceps strength (peak torque over four trials) and
dichotomous H:Q ratios. A normalized measure of quadriceps
strength was calculated from the regression line of a scatter plot of
strength and weight height to obtain an index of strengthFig. 1. Participanindependent of BMI and body-size32e35. The potential relationships
between baseline quadriceps strength, H:Q ratio, and knee JSN
worsening were assessed using a logistic regression model after
adjusting for age, BMI, lower limb alignment (2 varus, neutral,
2 valgus), history of knee injury and/or surgery, and physical
activity level (PASE) at baseline. Generalized estimating equations
were used in all models to adjust for correlations between knees
and visits within each subject. Analyses were performed using SAS
software version 9.1 (SAS Institute Inc., Cary, NC) and alpha level for
signiﬁcance set at <.05.
Results
A total of 6052 knees were considered for inclusion (Fig. 1). Of
these, 3856 knees with complete 30-month follow-up data and
a JSN score <3 at baseline were eligible for this study. Excluded
from the study were 72 knees due to missing 30-month follow-up
JSN data, 292 knees due to self-report of pain that interfered with
strength measurement at baseline, 1251 knees with missing data at
baseline, and 581 knees with a JSN score of 3 at baseline. Subjects'
baseline characteristics are presented in Table I. Men were more
active (PASE¼ 209.198.3), and had greatermean SD quadriceps
(125.741.4 Nm) and hamstrings strength (80.6 28.1 Nm) than
women (PASE score¼ 162.177.8, quadriceps strength¼ 72.0
 24.0 Nm, hamstrings strength¼ 47.115.4 Nm, all P< .0001).t inclusion.
Table I
Baseline characteristics in men and women* (N¼ 2182 subjects, 3856 knees)
Age (years) BMI (kg/m2) Quadriceps
strength (Nm)
Hamstring
strength (Nm)
% H:Q ratio
<0.6
PASE score Knee malalignment
(% varus)
History of knee
injury/surgery (%)
Men
892 participants, 1602 knees
61.6 8.1 30.3 4.9 125.7 41.4 80.6 28.1 34.3 209.1 98.3 58.1 12.4
Women
1290 participants, 2254 knees
62.2 7.7 30.3 6.0 72.0 24.0 47.1 15.4 31.4 162.1 77.8 38.8 7.0
* Mean SD or frequencies.
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BMI (30.3 4.9 vs 30.3 6.0 kg/m2, all P> 0.05). Approximately
34.3% of male knees and 31.4% of female knees had a H:Q ratio<0.6.
Knee JSN
Whole knee
At 30months, 395 (24.7%) of 1602 knees in men and 583 (25.9%)
of 2254 knees in women had whole knee JSN. Baseline character-
istics of participants who were found to have JSN progression and
those without evidence of JSN progression are presented in Table II.
Women, but not men, in the lowest tertiles of quadriceps strength
were at increased risk for knee JSN compared with those in the
highest tertiles (Table III). Similar results were obtained when
treating peak quadriceps strength as a continuous variable
(P¼ 0.7400 in men and P< 0.0001 in women). Men and women
with a H:Q ratio <0.6 did not have an increased risk of whole knee
JSN compared with those who had a H:Q ratio 0.6 (Table IV) and
this remained unchanged in men when 0.8 was used as the cutoff,
but was mildly protective in women, OR¼ 0.78 (0.62, 0.99).
Tibiofemoral joint
Tibiofemoral JSN was found in 359 (22.4%) of 1602 male knees
and 503 (22.3%) of 2254 female knees. Male knees in the lowest
compared with the highest tertile of quadriceps strength did not
differ in risk for tibiofemoral JSN with OR (95% CI) of 1.0 (0.85, 1.70).
In contrast, female knees in the lowest tertile of quadriceps
strength were at increased risk compared with the highest tertile
with OR of 1.69 (1.26, 2.28). Muscle imbalance at a cutoff of<0.6 did
not alter risk for tibiofemoral JSN in men, OR¼ 1.06 (0.82, 1.37) or
women, OR¼ 1.02 (0.82, 1.26). In addition, no signiﬁcant effect was
present when <0.8 was used as the cutoff.
Patellofemoral joint
Patellofemoral JSN was found in 46 (2.9%) of 1602 male knees
and 114 (5.1%) of 2254 female knees. Men and women in the lowest
tertiles of quadriceps strength were not at increased risk for
patellofemoral JSN compared with those in the highest tertiles,
OR¼ 0.67 (0.30, 1.48) in men and OR¼ 1.53 (0.90, 2.62) in women
respectively, although women in the middle compared with the
highest tertile were at increased risk for patellofemoral JSN,
OR¼ 1.64 (1.03, 2.62). In addition, neither men nor women withTable II
Baseline characteristics of participants with and without worsening of JSN*
% Female Age (years) BMI (kg/m2) Quadricep
strength (N
JSN worsening
576 participants, 978 knees
61.6 63.6 7.9 31.9 5.9 89.2 41.4
No worsening
1606 participants, 2878 knees
58.2 61.3 7.8 29.7 5.3 96.1 41.8
P-value 0.0654 <0.0001 <0.0001 <0.0001
* Mean SD or frequencies.a H:Q ratio <0.6 had an increased risk of patellofemoral joint nar-
rowing compared with those who had a H:Q ratio 0.6, OR¼ 0.79
(0.38, 1.62) and OR¼ 0.66 (0.44, 1.02) respectively. When 0.8 was
used as the cutoff, women but notmenwith an H:Q ratio<0.8 were
protected against JSN worsening with OR¼ 0.48 (0.24, 0.93).
Discussion
The results of this study revealed that women in the lowest
tertile of quadriceps strength were at elevated risk of whole knee
and tibiofemoral JSN over 30 months compared with those in the
highest tertile. However, in men, no associations were found
between quadriceps strength or H:Q ratio and knee JSN. To our
knowledge, this is the largest study to evaluate these relationships
in both women and men.
The positive ﬁndings in women but not men are in concordance
with previous ﬁndings for incident symptomatic knee OA from the
MOST study3. In that study women to a greater extent than men
with low quadriceps strength were found to be at increased risk for
incident symptomatic whole knee OA. However, low quadriceps
strength was not identiﬁed as a risk factor for incident radiographic
knee OA in either women or men. In men, the current study ﬁnd-
ings are also consistent with the lack of a signiﬁcant change in JSN
or grade following strength training, in comparison with a control
program in subjects with pre-existing knee OA20. Similarly,
a review of observational studies of risk factors for progression of
knee OA found no evidence to support a signiﬁcant associationwith
quadriceps weakness36. One potential explanation for the associa-
tion between quadriceps weakness and incident symptomatic as
well as progressive worsening knee OA in women, but not in men,
may relate to strength capacity being closer to a threshold for
risk37,38. For example, men have higher strength and this may
provide greater reserve, so that evenwith some loss of strength, the
degree of weakness may be insufﬁcient to result in risk for these
outcomes. In contrast, women have less strength (57% that of men
in this study despite no signiﬁcant difference in BMI), so weakness
may result in sufﬁcient cause for knee joint damage.
Our ﬁndings differ from those of Brandt et al.18 and Thorstensson
et al.39 who found no signiﬁcant differences in mean quadriceps
strength between women with and without tibiofemoral OA
worsening. It is possible that the lack of agreement between those
and the present study may have been due to different methods fors
m)
Hamstring
strength (Nm)
% H:Q ratio
<0.6
PASE score Knee
malalignment
(% varus)
History of
knee injury/
surgery (%)
58.6 27.5 31.3 176.3 89.0 58.2 16.0
61.8 27.1 33.0 183.1 90.0 43.0 7.0
<0.0015 0.3220 0.0530 <0.0001 <0.0001
Table III
Association between peak quadriceps strength and whole knee JSN
Sex-speciﬁc tertiles of KES N of cases
(%)
OR (95% CI) for
worsening, adjusted
for baseline age,
BMI, malalignment,
surgery and PASE
Men Highest, 142e270 Nm (n¼ 541) 126 (23.3) 1.0
Middle, 108e141 Nm (n¼ 524) 127 (24.2) 0.99 (0.73, 1.34)
Lowest, 22e107 Nm (n¼ 537) 142 (26.4) 1.08 (0.77, 1. 51)
P for linear trend 0.7410
Women Highest, 82e206 Nm (n¼ 756) 146 (19.3) 1.0
Middle 61e80 Nm (n¼ 739) 181 (24.5) 1.19 (0.90, 1.55)
Lowest, 20e60 Nm (n¼ 759) 256 (33.7) 1.66 (1.26, 2.19)
P for linear trend <0.0001
Using generalized estimating equations to adjust for correlations between knees
within subjects.
Table V
H:Q Ratio median Interquartile Range (IQR) by sex, decade, KL grade and outcome
Sex Decade (N) H:Q ratio, median (IQR)
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was deﬁned as an increase in JSN in participants having a JSN score
<3 at baseline. In the prior studies, progression was based on
increasing KL grade. The development of KL grade 2 is characterized
by osteophyte formation while progression from KL grade 2 is
mainly characterized by JSN and it is plausible that these may result
from different mechanisms. In addition, the study by Thorstensson
et al. used more functional measures of strength than the present
study (single-leg rise/stance and 300 m walk time). Differences in
results also may exist due to larger sample sizes and a greater
number of subjects with progression in the present study.
We found a signiﬁcant trend for a relationship between patel-
lofemoral JSN and quadriceps strength in women (P¼ .0400) but
not in men (P¼ 0.7106). This result in women is consistent with
a recent study that found greater quadriceps strength protective
against cartilage loss on the lateral patellofemoral facet21. In addi-
tion, cross-sectional data from a study evaluating the relationship
between quadriceps weakness and prevalent tibiofemoral, patel-
lofemoral, and mixed OA (presence of both patellofemoral and
tibiofemoral OA) also showed a relationship between lateral
patellofemoral OA and quadriceps strength, though this relation-
ship lost signiﬁcance after analyses were adjusted for knee pain40.
These authors suggested that quadriceps strength may prevent
excessive lateral movement of the patella during knee ﬂexion,
which in the presence of weakness could lead to disproportionate
compressive forces across the lateral patellofemoral joint.
In contrast, we did not ﬁnd that a H:Q ratio of either <0.6 or
<0.8, indicating greater quadriceps relative to hamstrings strength,
consistently protected against JSN. This result suggests that overall
quadriceps strength may be more important than the balance of
knee ﬂexor to extensor strength for preventing knee JSN. As
mentioned previously, a concentric:concentric H:Q ratio cutoff of
0.6 was prospectively selected, as this has been reported to be
normal in studies of younger subjects29,41,42. Recognizing that thisTable IV
Association between hamstring:quadriceps ratio and whole knee JSN
Sex-speciﬁc
cut-offs
N of cases (%) OR (95% CI), adjusted for baseline
age, BMI, malalignment, surgery
and PASE
Men 0.6 (1052) 257 (24.4) 1.0
<0.6 (550) 138 (25.1) 1.00 (0.78, 1.28)
Women 0.6 (1547) 415 (26.8) 1.0
<0.6 (707) 168 (23.8) 0.94 (0.77, 1.15)
Using generalized estimating equations to adjust for correlations between knees
within subjects.cutoff may not be appropriate for older adults, we conducted
secondary analyses using 0.8 as a cutoff and did not ﬁnd a strong
effect at this cutoff either.
We are not aware of normative H:Q ratio data for adults age
50e79 years. However, based on the reportedmore rapid decline in
isokinetic hamstring strength in comparison with quadriceps
strength with aging43, we might expect the H:Q ratio to decrease
slightly in older adults. Extrapolating from that report of mean
strength data for adults in the same age range asMOST participants,
using similar methods, indicates H:Q ratios in men and women of
0.55 and 0.58, which declined to 0.52 and 0.57 respectively over 10
year follow-up. The Health ABC study also reported grouped
mean SD isokinetic hamstring and quadriceps strength data for
high functioning eighth decade adults44. In that study, the ratio
between these was 0.74 for men and 0.79 for women. However,
since H:Q ratio data were not presented, it is not possible to
determine the H:Q ratio for individuals or whether those data
would represent normative data for older adults in other decades or
who were not selected for high mobility function. In the absence of
normative H:Q ratio data for older adults, we assessed whether
there was any cutoff or range of values that appeared to be
associated with more severe knee OA or JSN outcome. As seen in
Table V, there did not appear to be any relationship between the
median or interquartile range of H:Q ratio and (1) sex, (2) decade,
(3) knee OA (KL) grade, or (4) JSN outcome. Although it was not
feasible to assess peak eccentric strength in older adults with knee
OA, an Hecc:Qcon ratio may be a more functional means of assessing
muscle balance29,42.
Results from the present and the aforementioned study of the
MOST cohort indicate that quadriceps weakness is a risk factor
for progressive and incident symptomatic but not incident
radiographic knee OA for women in this cohort45. Though
a mechanism that could explain this ﬁnding was not the focus of
this study, knee OA risk factors previously have been acknowl-
edged to differ between women and men due to biochemical and
biomechanical differences that, in this case, could also result in
differences in risk for knee OA progression (hormonal and
anthropometric factors and/or ligamentous laxity). One potential
limitation was the inability to correct for gravity during the iso-
kinetic testing, which could have reduced the raw quadriceps
strength data for participants with heavier calves. However, the
inter-participant differences in calf mass were found to be small
and would be unlikely to alter the tertile of strength to which
participants were assigned.
Several aspects of our longitudinal study design strengthen our
ﬁndings. First, the MOST cohort is made up of individuals withWomen 50's (916) 0.65 (0.57, 0.75)
60's (908) 0.67 (0.57, 0.75)
70's (430) 0.67 (0.56, 0.78)
Men 50's (676) 0.65 (0.57, 0.73)
60's (628) 0.64 (0.56, 0.73)
70's (298) 0.64 (0.53, 0.76)
Baseline KL grade
0 0.65 (0.74, 0.56)
1 0.67 (0.75, 0.58)
2 0.66 (0.76, 0.58)
3 0.67 (0.77, 0.57)
Outcome
No JSN worsening 0.65 (0.74, 0.57)
JSN worsening 0.67 (0.77, 0.57)
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knee OA such as elevated BMI or history of knee surgery or injury.
Therefore, if quadriceps weakness plays a signiﬁcant role in the
pathogenesis of knee OA, it is likely to be detected in this cohort. In
support of this, we found men and women with KL grade 2 in
MOST had lower quadriceps strength cross-sectionally than those
without radiographic knee OA (KES¼ 123.8 vs 131.3 Nm in men
and KES¼ 69.3 vs 75.6 Nm in women). Additionally, rates of knee
JSN in the study population were similar to or higher than those
reported for progression in other studies with similar inclusion
criteria. Thus, there was a sufﬁcient amount of time for worsening
to occur in an adequate number of study participants, suggesting
that our ﬁndings may be generalizable.
Knee OA is one of the leading causes of disability in the United
States46 and identiﬁcation of modiﬁable risk factors is a signiﬁcant
public health concern. Though this study identiﬁed quadriceps
weakness as a risk factor for knee joint worsening in women only,
lower limb function in older men and women is highly dependent
on quadriceps muscle strength47,48. Quadriceps strength is known
to decline with age49. Muscle atrophy from inactivity or knee pain
may further contribute to this decline in older adults with knee OA.
Therefore, quadriceps strength is functionally signiﬁcant in men
despite the lack of association with JSN and may have a dual
importance in women to prevent worsening knee OA as well as
minimize physical functional limitations. Therefore, we would not
interpret the results as an indication that only women with
weakness should participate in lower limb strengthening activity,
but rather that in addition to the known beneﬁts on minimizing
impairments, functional limitations and disability in men and
women, women may attain an additional protection against
worsening of JSN through maintaining higher quadriceps strength.
Longitudinal studies are necessary in order to better understand
whether strengthening of weak quadriceps muscles is protective.Conclusion
In women but not in men, quadriceps weakness appears to
increase risk of JSN over 30 months in the MOST study. This is the
largest longitudinal study evaluating this relationship to date and
provided adequate power for investigating a relationship between
quadriceps muscle weakness and worsening of knee JSN. Future
studies should evaluate other means of measuring anatomic and
symptomatic worsening, such as cartilage thickness, symptoms or
functional limitations as well as assessing whether strengthening
of lower limb muscles can protect against knee OA worsening.
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